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Methods of forming a barrier -laver 

This invention relates to methods for forming a barrier 
layer . 

In the manufacture of semi conductor devices it is 
5 often necessary to deposit a barrier layer. This is 
frequently of Titanium or Titanium alloy and its purpose is 
generally to provide good adhesion to the surface layer and 
to avoid unintentional or undesirable alloying between the 
connection layer and the surface layer, in particular to 

10 avoid Aluminium alloy "spiking" through a contact junction. 
It is known that exposing the barrier layer to Oxygen can 
improve the mechanical qualities of the layer, but the 
Applicants have determined that this Oxygen is detrimental 
to the grain structure of Aluminium or its alloys when 

15 deposited on such a layer. 

U.S. patent 5,552,341 describes an alternative process 
to a barrier layer to improve the subsequent Aluminium layer 
whereby a silylation layer is formed on the surface of the 
barrier layer by a plasma treatment using a silicon hydride. 

2 0 The barrier is improved by the known Oxygen treatment to 
stuff grain boundaries. 

From one aspect the invention consists as a method of 
forming a barrier layer on a semiconductor surface 
comprising depositing a layer of Titanium Nitride, exposing 

2 5 the layer to Oxygen and nit riding at least the surface of 
the oxidised layer. 
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For convenience, for the purposes of this 
specification, such treatments of the barrier layer, whether 
or not they involve ' Oxygen will be known as reactivation. 

The step of nitriding may be performed with a Nitrogen 
5 containing plasma. Additionally or alternatively, the 
barrier layer may be exposed to plasma -generated or 
U.V. atomic Hydrogen in the presence of Nitrogen to nitride 
any oxidised material in the barrier layer. Alternatively 
the removal of Oxygen by atomic Hydrogen and the nitriding 
10 step could be performed sequentially. With current 
apparatus, at least, nitriding in a pure Nitrogen atmosphere 
is difficult to achieve. The ratio of Hydrogen: Nitrogen may 
be between 1:10 and 3:1. The Hydrogen may be supplied in 
the form of NH 3/ in which case the NH 3 may supply at least 
15 some of the nitriding Nitrogen, 

The barrier layer essentially contains atoms of 
Titanium and Nitrogen however Titanium Nitride forms 
columnar grain structures that present grain boundaries 
running from top to bottom. As the Titanium Nitride is 
20 acting as a physical barrier this is an inherent defect but 
it is well known that it can be mitigated by the addition of 
Oxygen during the formation of Titanium Nitride, or the 
exposure of Titanium Nitride to Oxygen (e.g. through 
exposure to air) . The Oxygen is said to "stuff" the grain 
v 25 boundaries. 

It is thus preferential to have Oxygen additions to the 
Titanium nitride (to improve the barrier quality) , however 



this presents a problem if the top surface contains some 
atomic Oxygen. 

The effect of Oxygen contamination on TiN is that under 
typical conditions there will be an oxidised surface, which 
consists of Oxygen atoms bonded to the outer layers of 
Titanium, which will come into intimate contact with the 
Aluminium and which are likely to form a chemical bond with 
it, thus inhibiting the flow or drifting of material in 
certain processes. 

The use of Oxygen is thought to improve the barrier by 
blocking diffusion paths at grain boundaries or defect sites 
by a process known as 'oxygen stuffing' . This Oxygen may 
arrive at the barrier layer as part of a process step e.g. 
Nitrogen anneal where it is well known that some small 
quantity of Oxygen is present or an Oxygen plasma process or 
suchlike or as a secondary effect of exposure to atmosphere. 
The Nitrogen is essentially acting as a dilutant for Oxygen 
during the anneal process and does not usefully react with 
the layer during this process. 

Only a very small quantity of Oxygen is required to 
effect some improvement in the mechanical properties of 
barrier layer. As Titanium Oxides are poor conductors the 
electrical qualities are not necessarily enhanced. Also the 
grain structure of the Aluminium is inferior if it deposited 
on a barrier containing Oxygen at its surface. 

From a further aspect the invention consists in a 
method of forming a barrier layer on the surface of a 
workpiece, for example a semi-conductor wafer, including 
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depositing a layer of Titanium Nitride and subsequently 
exposing the surface of the layer to activated Nitrogen so 
that any free surface Titanium in the layer is nitrided to 
form Titanium Nitride. 
5 Preferably the surface is exposed to energetic NH 3 and 

in particular to an NH 3 plasma. The TiN layer may be exposed 
to oxygen prior to the nitriding step and may additionally 
or alternatively be Oxygen annealed. There may be a vacuum 
break between the deposition of the Titanium Nitride layer 
10 and the nitriding step. 

In particular, further experiments have determined that 
nitridation by an Ammonia plasma treatment improves the 
mechanical characteristics of the barrier even when no 
Oxygen exposure has taken place. Further as no Oxides are 
15 formed the process is not detrimental to the electrical 
characteristics . 

This result is contrary to expectation and the teaching 
of the prior art . 

The additional improvement of nitriding with Ammonia 
20 plasma treatments have been mentioned above. 

The Applicants can only hypothesis at this time as to 
the precise mechanism which is involved. It has been 
observed that a TiN barrier is stronger than a TiN barrier 
with Ti deposited on top. A possible explanation is thus 
25 that the TiN barrier is weakened by having free Ti present. 
Oxygen exposure binds the free Ti forming Oxides of 
Titanium. Exposure of the barrier to Nitrogen heat treatment 
or an activated Nitrogen exposure, e.g. by Nitrogen 



containing plasma, appears to be as effective as* Oxygen 
treatment because the free Ti has been bound as 
Titanium Oxides or Nitrides or TiN and not as previously 
taught by Oxygen 'stuffing grain boundaries' (see US patent 
5,552,341 e.g. column 4 lines 25 to 31 and lines 63 to 64 
for an exposition of prior art to that invention and column 
8 lines 2 6 to 31 showing that the use of an oxide in the 
barrier such that "the stuffing effect can be maintained" 
was still required for that invention) . 

The invention also includes a method of depositing a 
conductive layer, such as Aluminium, Aluminium alloy or 
Copper film, on a workpiece including initially depositing 
a barrier layer of Titanium Nitride, -reactivating the 
barrier layer and depositing the conductive layer. 

The barrier layer may be deposited using physical 
vapour deposition and may itself be laid down on a pure 
Titanium layer. 

As has been set out in one aspect above, it has been 
found that barrier layers containing Oxygen can be made 
suitable for subsequent processing by replacing at least the 
surface Oxygen atoms with Nitrogen. 

This has been achieved in a number of ways, in 
particular the use of Nitrogen and Hydrogen containing 
plasmas. An explanation of possible mechanisms is as 
follows . 

The use of a Nitrogen containing plasma is probably 
explained by plasma generated species, possibly ion 
assisted, effectively nitriding the oxidised barrier 
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surface. 

Ti0 2 + N* -* TiN + 0 2 

This reaction is only slightly favourable above 625 °C. 

The use of a plasma - or Ultra Violet -generated atomic 
5 Hydrogen is more chemically favourable and does not require 
ion assistance: 

Ti0 2 + 4H* -> 2H 2 0 + Ti - 4 85KJ 

If this reaction is carried out in the presence of 
Nitrogen, the final barrier layer surface would be 
10 simultaneously nitrided. 

Chemical Vapour Deposited (CVD) TiN has superior 
characteristics than Physically Vapour Deposited (PVD) TiN. 
However, there can be a vacuum break as the wafers are 
transported from the CVD equipment to the PVD equipment for 
15 the metallisation processes. 

The oxidised Titanium at the surface is re-nitrided in 
the presence of atomic Hydrogen and atomic Nitrogen either 
from a mix of gasses or a single gas containing both 
Nitrogen and Hydrogen (and possibly other elements) . 
2 0 The re-nitridation by a mix of atomic Hydrogen and Nitrogen 
predominately takes place by an initial reduction of the 
Titanium oxide by the Hydrogen, and then a reaction of the 
Titanium with the Nitrogen. 

Increasing temperatures increases the reaction speed 



probably by increasing the speed with which the water 
by-product of the reduction process leaves the substrate 
surface and so reducing the possibility of reoxidising the 
surface 

TiN + 2H 2 0 -» Ti0 2 + l/2N 2 + 2H 2 

At these temperature atomic Hydrogen is thus the 
enabling reaction as it make available Titanium to react 
with the Nitrogen. Therefore in a Nitrogen containing 
ambient atmosphere as atomic Hydrogen concentration is 
increased from zero the rate of conversion of Titanium Oxide 
to Nitride increases. 

There will naturally come a point where the nit riding 
of the reduced Titanium Oxide becomes the rate limiting 
reaction as there are a fixed number of gas molecules in any 
given volume at constant temperature and pressure. 

There is thus an optimum mix of atomic Hydrogen and 
Nitrogen for this process when carried out at temperatures 
less than that enabling a direct reaction of Titanium Oxide 
to Titanium Nitride in the presence of atomic Nitrogen. 
The use of a gas molecule containing both Hydrogen and 
Nitrogen may be preferable to a mix of the two separate 
gases because more Hydrogen and Nitrogen atoms may be 
present in the fixed volume of gas at the substrate surface 
being reacted. 

By way of example in the same volume, when completely 
dissociated: 
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N 2 + H 2 -> 2N + 2H 
NH 3 + NH 3 -» 2N + 6H 

Further it is well known that in a plasma a Nitrogen 
containing gas such as Ammonia may be a much more ready- 
source of atomic Nitrogen than molecular Nitrogen. It is 
also believed that NH 3 as a vapour will "stick" to the 
substrate more readily than Hydrogen or Nitrogen liberating 
atomic Nitrogen and Hydrogen under energetic bombardment and 
thus promoting the required surface reactions. 

An experimental result is that increasing molecular 
Nitrogen to Hydrogen gas concentrations up to 10:1 increases 
nitridation rates, yet this rate is still below that from 
the use of Ammonia with its 1:3 Nitrogen to Hydrogen atomic 
content . This is probably because the atomic Nitrogen 
generated from the molecular Nitrogen is the rate limiting 
factor. 

It has also been observed that as the concentration of 
molecular Nitrogen in Hydrogen is increased still further 
beyond a certain point the rate of nitridation reduces yet 
is still not at the same rate as that from a compound of 
Nitrogen and Hydrogen such as Ammonia. A possible 
explanation is that Titanium Oxide reduction is now the 
limiting factor. Possibly the molecular Hydrogen has become 
so diluted in molecular Nitrogen that as atomic Hydrogen is 
formed it is physically precluded from reacting with the 
substrate surface as it is not in intimate enough contact 
with it due to the presence of a large number of (unreacted) 



Nitrogen molecules. 

The invention may be performed in various ways and 
specific examples will now be described in which: 

Figure 1 is a table of results relating to Experiment 1; 
Figure 2 is a SEM of a via filled in accordance with one 
process; and Figure 3 is a SEM of via filled by another 
process 

EXPERIMENT 1 

A barrier and aluminium alloy layers were deposited 
onto a previously deposited silicon oxide layer containing 
holes on a silicon wafer. The holes thus expose the silicon 
wafer to the barrier layer. Various processes were carried 
out in a matrix as shown in the Results Figure 1 . 

Each barrier was then tested to destruction by 
excessive thermal stress. The test results are derived by 
etching away the silicon oxide and deposited barrier and 
aluminium alloy layers and examining the silicon surface. If 
aluminium has spiked the barrier it is evidenced by its 
presence in the silicon wafer where the holes in the silicon 
oxide layer had been. 

In this experiment, in addition to 'control' processes 
where no improvement would be expected, various Oxygen 
exposure techniques were carried out prior to the use of 
ammonia (NH 3 ) to plasma process a barrier layer. NH 3 was 
chosen as a suitable Nitrogen containing gas, but other 
Nitrogen containing gases or pure Nitrogen in conditions 
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appropriate to allow Nitrogen to react with the barrier 
layer may be used. 

The Oxygen exposure techniques consisted of: 
Exposing the workpiece to atmosphere (vacuum break) 
5 Oxygen anneal (heat treatment) 

Nitrogen anneal (heat treatment) containing trace 
quantities of Oxygen 
Oxygen plasma 

Where these were carried out on a TiN barrier prior to 

10 treating with a Nitrogen containing plasma or other 
activated Nitrogen treatment {e.g. an ammonia plasma 
process) it would be expected that the wafers would show the 
best barrier characteristics due to the known 'oxygen 
stuffing' effect. 

15 However, as can be seen from Figure 1 an ammonia 

plasma, with no Oxygen treatment of the silicon wafer, 
offered the best barrier capability after 65 hours of 
thermal stress and this capability was similar to those of 
a wafer (after 24 hours thermal stress) , which had been 

20 given atmospheric exposure followed by Oxygen plasma and 
ammonia plasma treatment. The latter is, as has been 
mentioned, electrically less suitable. 

The absence of Oxygen from the treatment chamber has 
been tested and proven to the limits of sensitivity of the 

25 analysis. In any case both Oxygen exposures (vacuum break 
and Oxygen plasma) follow an expected trend with the 
combination of both exceeding the use either separately 
leading to the expectation that more Oxygen exposure yields 
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a better barrier. Therefore even if there were traces of 
Oxygen present it would be expected that '"NH 3 plasma' wafer 
would be inferior to ones which had been exposed to larger 
quantities of Oxygen by atmospheric break, Oxygen plasma, 
5 Oxygen anneal or Nitrogen (with trace Oxygen) anneal. 
EXPERIMENTAL DETAILS 
GENERAL PROCEDURE 

Test pieces consisting of Silicon wafers pieces with 
Si0 2 layer with holes had barrier layers deposited upon them 
10 using different barrier conditions and keeping the degas and 
aluminium steps constant. A control piece was always run to 
check machine continuity. The pieces were subjected to a 
range of furnace bakes to stress the barrier. Finally the 
deposited layers and Si0 2 were removed and the Silicon 
15 substrate inspected for signs of spiking. 
WAFERS AND TEST STRUCTURE 

Test wafers (100 mm) containing large arrays of 1.3 fim 
diameter, 0 . 9 ^m deep holes with a separation of 8.5 fim were 
used for all tests. Wafers were broken and pieces or splits 
2 0 of approximately 2 cm x 1 cm used on the back of Silicon 
carriers . 
PROCESS DETAILS 

All wafers received the same degas and aluminium steps 

as follows: 
25 Degas: 5 min, 3 kW 

Al: 45 sec backfill cool, 1 /xm, 6 kW, 2 00 *C 
CONTROL BARRIER 

The control barrier has thin layers of Ti and TiN 
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because of the large hole size. 

Ti: 100 A, 6 kW, 400*C, 20 seem Ar • 

TiN: 300 A, 12 kW, 400'C, 20 seem Ar, 70 seem N2 , 600 
W bias 

5 Shutter: 12 kW, 15 sec, 100 seem Ar 

BARRIER SPLITS 

Figure 1 (results section) identifies barrier splits. 
Barrier splits tested had been processed by ammonia plasma, 
atmospheric exposure, Oxygen plasma, Nitrogen and Oxygen 
10 furnace anneals individually and in combinations, which were 
expected to yield good barrier performance. 
FURNACE BAKE TO STRESS BARRIER 

Pieces from each run were broken and subjected to 
furnace temperatures of 525 'C for varying lengths of time in 
15 order to induce spiking and determine the relative strength 
of the barrier splits. 
DE- PROCESSING 

The degree of spiking can be established by removing the 

layers of deposition and dielectric and examining the 
20 Silicon substrate. 

Spiking shows up as square or rectangular shaped holes. If 

no spiking has occurred, only the circular bases of the 

holes can be seen. 

ETCH PROCEDURE 
25 1 . 5 min KOH to remove Al 

2. 5 min Buffered HF 10% to attack TiN 

3 . 2 hour H 2 0 2 to remove TiN 

4. 1 hour Buffered HF 10% to remove Si0 3 
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5. 1 min propan-2-ol to clean wafer 
OPTICAL PROCEDURE 

The de-processed pieces were examined under the optical 
microscope using interference contrast mode. Photographs of 
typical areas of holes were taken and the percentage of 
holes spiked (% spiking), measured from the photographs. 
RESULTS 

Figure 1 shows each split in terms of treatments 
received and % spiking seen after a bake at 525 # C in a 
Nitrogen atmosphere. Further work is required to determine 
if the Oxygen furnace treatment is better than the insitu 
NH 3 plasma because as can be seen from Figure 1 this split 
only received 24 hours of bake unlike all other splits that 
received 65 hours. Results are shown in order of barrier 
strength. 

DISCUSSION OF RESULTS 

Barrier splits can be grouped as stronger or weaker than 
the standard Nitrogen furnace annealed process (containing 
residual Oxygen) equating to the well know 'grain boundary 
stuffing' prior art. 
Stronger Than N2 Furnace 
Ti / TiN / NH 3 plasma 

Ti / TiN / Vacuum break / 0 2 Furnace / NH 3 plasma 
Ti / TiN / Vacuum break / NH 3 plasma 
Ti / TiN / 0 2 Plasma / NH 3 plasma 
Weaker Than N2 Furnace 
Ti / TiN 

Ti / NH 3 plasma 
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Ti / NH 3 plasma / TiN 

From these results the following observations can be made: 
(a) The stronger barrier splits have post TiN NH 3 plasma 
treatments . 

5 (b) NH 3 plasma is comparable to 0 2 furnace treatments in 
combination with NH 3 plasma. 

SEM Analysis of wafers processed with the TiN NH 1 Plasma 

Wafers with higher aspect ratio holes (2:1) with a 300A 

Ti / 750A TiN barrier were used to compare structural 
10 changes in TiN due to the NH 3 plasma process. 

SEM analysis of TiN with and without NH 3 plasma does 

not reveal any obvious structural change in the field 

region. 

On the walls of holes there is a difference in the 
15 Al/TiN interface. In the case of no NH 3 plasma large grains 
are seen near the hole walls (Figure 2) . These grains have 
been analysed before using TEM . The grains are possibly 
TiAl 3 . For NH 3 plasma treated wafers the Al /TiN interface 
is well defined and no grains are seen (Figure 3) . 
2 0 Mechanism For Barrier Strengthening 

Results suggest that Ti in the TiN layer may be 
responsible for weakening the barrier. 

Furnace treatments have the effect of passivating any 
free Ti by forming Titanium Oxides or Nitrides. 
25 The fact that the TiN treated by NH 3 plasma barrier is 

\ comparable in strength to that of the combination of oxygen 

treatments and NH 3 plasma suggest that it is the presence of 
free Ti which has a greater effect on weakening the barrier 
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rather than stuffing of vacancies in the columnar structure. 
Previous work has shown that Ti deposited on a Ti/TiN 
barrier reduces the strength of the barrier. 

EXPERIMENT II 

5 Experiment I was repeated on wafers having 1 . 2/im wide x 
0.8/zm deep contact structures. A metal stack comprising 
lOnmTi, 2 0nm TiN and lOOnm Al 0.5% cu was deposited. The 
wafer was then baked at 500°C. for four hours, deprocessed 
back to Si and optical inspection of >10 / 000 holes 
10 completed. The results were as follows: 



Process % Spiking 

In situ NH 3 plasma < l 

0 2 Furnace <450°C/45mins) +NH 3 plasma 5 

N 2 Furnace (450°C/4 5mins) 3 0 

5 In situ N 2 plasma 35 



The Applicants have further established that one surprising 
effect of the reactivation process may be to seed tightly 
textured aluminium or aluminium alloy <lll> films. Such 
tight texturing of the aluminium alloys is normally 

10 associated with improved electromigration resistance, but 
historically the deposition of these aluminium alloy films 
on titanium nitride barriers had not resulted in tight 
texturing, indeed they are almost 2M times as poor as such 
films deposited on titanium alone. 

15 Tests to date suggest that this improvement is 



) 
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particularly dramatic where the barrier has been deposited 
by physical vapour deposition. 

It has further been found that if the barrier is 
processed as set out above then surprisingly the preheat of 
the wafers need not be as hot . 

Placing a workpiece previously in one gas ambient (e.g. 
5 atmosphere) into a vacuum or another gaseous ambient causes 
the workpiece to "outgas" as gas- and vapour leave the 
surface and enter the vacuum or new gas ambient . 

This outgassing is particularly undesirable in plasma 
processes as they are carried out in a partial vacuum 
10 consisting of a reduced pressure gas ambient chosen to be 
reactive in a specific way, or to be unreactive. 

The lower the pressure of the process the more 
potentially deleterious the outgassing to the process as the 
outgassing will make up a greater proportion of the total 
15 gas present or may make the low pressure unachievable 
without increasing the vacuum pumping speed or will require 
increased pumping speed and thus expense. 

In particular sputtering processes are carried out using 
an inert low pressure gas ambient typically argon. The 
2 0 argon gas is ionised in a flow discharge generally by 
applying a suitable negative voltage to an electrode thus 
providing a "feedstock" of ions which under the influence of 
the negative potential impact the electrode surface upon 
which is placed a target material. Target material is 
25 sputtered away by ion impact through the argon plasma 
ambient and onto the workpiece placed conveniently nearby. 



Argon is frequently chosen because it is the most 
commercially attractive inert gas with a relatively massive 



ion. 



However, if there are any potentially reactive gasses 
or vapour present in the argon ambient they will also be 
ionised by the glow discharge, becoming reactive and 
reacting with the sputtered material, either at the target 
surface, during the flight through the ambient gas or on 
another surface . 

When deliberately chosen this process is known as 
"reactive sputtering" and is used to sputter such materials 
as titanium nitride where nitrogen is added to the inert 
sputtering feedstock. However, when this occurs in an 
uncontrolled manner, as a result of water vapour, nitrogen, 
oxygen and the other constituents of atmosphere then 
undesired oxides, nitrides and other materials are deposited 
or formed on the workpiece by reaction with the target 
material. This is particularly undesirable for Aluminium 
and its alloys because it increases resistivity. Therefore 
for sputtering processes outgassing is undesirable. 

The main source of outgassing is the workpiece 
themselves as they are continually being placed into the 
process chamber having previously been in atmosphere or 
other gas environment (e.g. dry nitrogen) . Outgassing is 
a time consuming process and any speeding up of this process 
is desirable. Well-known ways of speeding up this process 
are heat and UV, heating being practically univer sally 
employed. The greater the heat the faster the degassing. 
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However, wafers have a thermal budget and this use by- 
preheating could be advantageously avoided. 

What has been found by the Applicants is that wafers 
with barrier layers that have been reactivated require lower 
5 preheating temperatures for a number of processes. In the 
experiments so far conducted an ammonia plasma has been 
utilised for reactivation. 

It is not known exactly why this result is achieved but 
it cannot simply be as a result of plasma "conditioning", 
10 heating or energetic bombardment of the wafter surface 
because in all cases the wafers are subjected to an argon 
(inert) plasma as part of the "sputter etch" process after 
preheating and prior to sputtering. The ammonia plasma 
process is in addition to and before the sputter etch 
15 process. 

The reduction in preheat temperature should also 
eliminate any up extrusion of the underlying metal into the 
via. 

Thus in some experiments preheat temperatures have been 
20 reduced from 550°C to 350°C if a reactivation step is 
included after Ti/TiN deposition. 
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CLAIMS 

1. A method of forming a barrier layer on a semiconductor 
surface comprising depositing a layer of Titanium 
Nitride exposing the layer to Oxygen and nitriding at 

5 least the surface of the oxidised layer . 

2 . A method as claimed in Claim 1 wherein the step of 
nitriding is performed using a Nitrogen-containing 
plasma. 

3. A method as claimed in Claim 1 or Claim 2 wherein the 
10 barrier layer is exposed to plasma-generated or U.V. 

atomic hydrogen in the presence of Nitrogen to nitride 
any oxidised material in the barrier layer. 

4. A method as claimed in Claim 1 or Claim 2 including 
Oxygen removal from the barrier surface using atomic 

15 hydrogen and subsequently nitriding the layer. 

5. A method as claimed in Claim 3 wherein the ratio of 
Hydrogen: Nitrogen is between 1:10 and 3:1. 

6 . A method as claimed in any one of Claims 3 to 5 
wherein the Hydrogen is supplied in the form NH 3 . 

20 7. A method as claimed in Claim 6 wherein the NH 3 supplies 
at least some of the nitriding Nitrogen. 
8 . A method of forming a barrier layer on the surface of 
a workpiece including depositing a layer of Titanium 
Nitride and subsequently exposing the surface of the 

25 layer to activated Nitrogen so that any free surface 

Titanium in the layer is nitrided to form Titanium 
Nitride. 
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9. A method as claimed in Claim 8 wherein the surface is 

exposed to energetic NH 3 . 
10 A method as claimed in Claim 9 wherein the surface is 

exposed to an NH 3 plasma. 
5 11. A method as claimed in any one of Claims 8 to 10 

wherein the Titanium Nitride layer is exposed to Oxygen 

prior to the nitriding step. 

12 . A method as claimed in any one of Claims 8 to 11 
wherein the surface is Oxygen annealed prior to the 

10 nitriding step. 

13. A method as claimed in any one of Claims 8 to 10 
including a vacuum break between the deposition of the 
Titanium Nitride layer and the nitriding step. 

14. A method of depositing a conductive material layer on 
15 a workpiece including initially depositing a barrier 

layer of Titanium Nitride, reactivating the barrier 
layer and depositing the conductive material. 

15. A method as claimed in Claim 14 wherein the barrier 
layer is deposited using physical vapour deposition. 

20 16. A method as claimed in Claim 14 or Claim 15 whenever the 
barrier layer is deposited on a pure Titanium layer. 

17. A method as claimed in any one of Claims i4 to 16 
wherein the barrier layer is reactivated using NH 3 . 

18. A method as claimed in any one of the preceding claims 
25 wherein the workpiece is a semi-conductor wafer. 

19. - A method as claimed in Claim 18 wherein the workpiece 

is outgassed by preheating, prior to the deposition of 
a conductive layer onto the barrier layer, to a 



temperature of no more than approximately 35 0 °C. 




Office 



Application No: 
Claims searched: 



GB 9724440.4 
1-7 



Examiner: 
Date of search: 



Peter Beddoe 
11 February 1998 



Patents Act 1977 

Search Report under Section 17 

Databases searched: 



UK Patent Office collections, including GB, EP, WO & US patent specifications, in: 

UK CI (Ed.P): C7F (FACE, FACX, FAXE, FAXX, FPEE, FPEX, FPCE, FPCX, 
FPDE, FPDX, FCSE, FCSX, FCVE, FCVX, FCXE, FCXX, FCD, 
FCF, FHB, FHE, FHX); C7U; H1K (KLX, KJACX, KHABX, KHAX] 

Lit CI (Ed.6): C23C (8/80, 14/06, 14/58, 16/56); H01L (21/285, 21/3105, 21/314, 
21/321, 21/768) 

Other: Online: WPI 



Documents considered to be relevant: 



Category 


Identity of document and relevant passage 


Relevant 
to claims 


X 


EP 0680077 Al' 


(SGS) see esp col9 lines 7-15 


1 


X 


US 5567483 


(SONY) see esp col3 lines 42-65 


1 


X 


US 5378660 " 


(APPLIED) see esp col4 line 24 - col5 line 7 


1 


A 


EP 0747500 Al " 


(APPLIED) see esp ex 3 




A 


EP 0738002 A2- 


((TEXAS) see esp p3 




A 


US 5395461 S 


(NIPPON) see esp exs 





X Document indicating lack of novelty or inventive rtep A Document indicating technologic*] background and/or state of the art. 
Y Document indicating lack of inventive step if combined P Document published on or after the declared priority date but before 
with one or more other documents of same category. the filing date of this invention. 

E Patent document published on or after, but with priority date earlier 
& Member of the same patent family than, the filing date of mis application. 



An Executive Agency of the Department of Trade and Industry 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
^FADED TEXT OR DRAWING 
□^BLURRED OR ILLEGD3LE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



